Introduction {#sec1_1}
============

Corneal opacity occurs as a primary or secondary condition and impedes observation of the ocular fundus. In individuals with vitreoretinal diseases, severe corneal opacity necessitates the use of a temporary keratoprosthesis or endoscopy for performance of vitreoretinal surgery \[[@B1], [@B2], [@B3]\]. Such procedures are not optimal and are often inconvenient; however, with endoscopy providing a narrow field of view at low resolution. Furthermore, the corneal opacity remaining after surgery with endoscopy hinders patient management and further observation of the ocular fundus.

Penetrating keratoplasty (PKP) is an open-sky corneal transplantation surgery in which the full-thickness cornea of the patient is resected and a donor cornea implanted \[[@B4]\]. Lamellar corneal surgery such as lamellar keratoplasty and endothelium transplantation (DSAEK) has recently been developed as an alternative to PKP \[[@B5], [@B6], [@B7], [@B8]\]. Such surgery replaces only the diseased portion of the host cornea, leaving the healthy portion intact, and it has been found to be associated with a better recovery of visual acuity (VA) and fewer intraoperative or postoperative complications including a lower incidence of rejection and greater resistance to trauma compared with PKP \[[@B9], [@B10]\]. In addition to graft rejection or failure, complications of PKP include the development of bacterial keratitis and secondary glaucoma \[[@B11], [@B12], [@B13], [@B14], [@B15]\]. It is also important to minimize the risk of expulsive hemorrhage during the open-sky period of PKP, and a technique to avoid the open-sky condition during PKP has been described \[[@B16]\].

A wide-angle viewing system has been developed to provide a panoramic image of the fundus for the safe and efficient performance of vitreoretinal surgery, even in eyes with a small pupil \[[@B17]\]. In addition, the combination of this system with chandelier lighting provides a good view of the peripheral region of the retina and allows implementation of the bimanual technique for vitrectomy \[[@B18], [@B19]\]. Chandelier illumination is also effective for the performance of cataract surgery in patients with severe corneal opacity \[[@B20]\]. These developments have contributed to the widespread application of microincisional vitrectomy surgery to the treatment of various vitreoretinal pathologies including severe vitreoretinal diseases such as proliferative diabetic retinopathy and proliferative vitreoretinopathy (PVR).

We here report the results of simultaneous PKP and 25G pars plana vitrectomy (PPV) without the use of a keratoprosthesis or endoscopy in a patient with severe corneal opacity and silicone oil in her eye as a result of several previous intraocular surgeries for rhegmatogenous retinal detachment and PVR.

Case Report {#sec1_2}
===========

A 68-year-old woman was referred to our Department for the performance of PKP and PPV. Her left eye had severe corneal opacity due to bullous keratopathy, and silicone oil was present in the eye as the result of prior intraocular surgeries for rhegmatogenous retinal detachment and PVR. The VA of her left eye was 3/20, and we were not able to perform satisfactory funduscopy because of the corneal opacity, although retinal detachment was evident.

Surgery was performed with the patient under general anesthesia. We initially performed conventional PKP followed by 25G PPV without the use of a keratoprosthesis (Fig. [1](#F1){ref-type="fig"}). In brief, the scleral ring was sutured with 7--0 silk, the host cornea was excised at a diameter of 8.0 mm with the use of a Hessburg-Barron trephine (Katena, Denville, NJ, USA), and the donor cornea was punched out at a diameter of 8.25 mm with a Barron donor punch (Katena) and was sutured with 10--0 Ethilon. After PKP, with the donor cornea in place, we performed vitrectomy with a Constellation 25G system (Alcon, Hünenberg, Switzerland) and with a wide-angle viewing system (Resight noncontact wide-angle lenses; Carl Zeiss Meditec, Jena, Germany) to observe the fundus. The procedure was a standardized four-channel vitrectomy, with the four channels being made with 25G trocar needles at a distance of 4 mm from the limbus. Chandelier illumination was fixed to provide wide-angle diffuse lighting. The proliferative membrane was peeled away and removed with 25G forceps and 25G vertical or horizontal scissors (Alcon). Exchange of intraocular fluid was performed. Finally, the four cannulas were removed, the eye was tamponaded with SF~6~, and the sclerotomies were sutured with 8-0 Vicryl.

The donor graft remained clear during the operation and therefore did not hinder the procedure, and perforation of the cornea did not occur. Images obtained from the patient before and 6 months after the surgery are shown in Figure [2](#F2){ref-type="fig"} and [3](#F3){ref-type="fig"}, and other findings are presented in Table [1](#T1){ref-type="table"}. Although VA was decreased at 6 months post-surgery, there were no serious postoperative complications including vitreoretinal events. Intraocular pressure was not increased after surgery. The donor graft remained clear, so that we were able to perform postoperative funduscopy. The density of the donor corneal endothelial cells had declined from 3,205 to 1,969 cells/mm^2^ at 6 months after surgery. Retinal redetachment did not occur after surgery.

Discussion {#sec1_3}
==========

We have here presented clinical data for a patient treated simultaneously by PKP and 25G PPV without the use of a keratoprosthesis or endoscopy. The cornea remained transparent after surgery, and retinal detachment did not recur. Although there was a decline in VA and endothelial cell density apparent 6 months after compared with before surgery, our results thus suggest that simultaneous PKP and PPV without the use of a keratoprosthesis or endoscopy is a potential new surgical treatment option that is less traumatic and shorter in duration than existing options for patients with vitreoretinal conditions and severe corneal opacity.

Because the patient\'s IOP was 2 mm Hg before surgery, which is generally called hypotony, we performed the surgery very carefully. As a result, IOP was not changed between before and after surgery. Eyes that have undergone previous vitreoretinal surgeries have been reported to be susceptible to hypotony \[[@B21]\]. Hypotony may coexist with complications such as maculopathy and choroidal detachment, but there were no such complications in the present patient. However, careful monitoring of patients for hypotony after our surgical procedure is still warranted.

A keratoprosthesis is usually used for vitrectomy in patients with severe corneal opacity \[[@B22], [@B23], [@B24]\]. The number of open-sky steps during such surgery with a keratoprosthesis is twice that for our surgical procedure. Open-sky steps can lead to complications during corneal surgery, such as expulsive suprachoroidal hemorrhage during PKP. The frequency of suprachoroidal hemorrhage has been found to be 0.45--0.56% during or after PKP with or without a keratoprosthesis \[[@B25], [@B26], [@B27], [@B28]\]. Suprachoroidal hemorrhage did not occur during our surgical procedure, suggesting that the combination of PKP with vitrectomy in the absence of a keratoprosthesis may increase safety.

Endoscopy is sometimes adopted for vitrectomy in patients with severe corneal opacity that obscures the fundus \[[@B29], [@B30], [@B31]\]. Anatomic structure and visual function of the retina were found to be improved by 25G endoscopic vitrectomy in all studied patients with PVR and severe corneal opacity \[[@B32]\]. Vitrectomy with endoscopy as a surgical technique is difficult to perform; however, our combined surgical procedure is more straightforward and did not give rise to complications such as retinal redetachment or vitreous hemorrhage. Our procedure may thus be more convenient and safer than vitrectomy with endoscopy.

A wide-angle viewing system provides a panoramic view of the fundus and thereby increases the safety and efficiency of vitreoretinal surgery, even in eyes with a small pupil or corneal opacity \[[@B17]\]. In addition, such a system with chandelier lighting also provides a good view of the peripheral region of the retina and allows implementation of the bimanual technique for vitrectomy \[[@B18], [@B19]\]. The further development of instruments may improve the success of our combination surgery for patients with severe corneal opacity and vitreoretinal diseases.

The corneal endothelium plays a key role in the maintenance of corneal transparency. Corneal damage induced by inflammation, infection, or trauma including surgery can lead to endothelial cell loss. Loss of corneal endothelial cells (density of 1,500--2,000 cells/mm^2^) was found to be apparent 1 year after PKP \[[@B33], [@B34]\]. The decrease in the number of endothelial cells after PKP is associated with various risk factors including donor graft status, recipient factors and operation in these pathological processes \[[@B35], [@B36], [@B37]\]. In the present patient, corneal endothelial cell density at 6 months after surgery was 1,969 cells/mm^2^, corresponding to an endothelial cell loss of 1,236 cells/mm^2^. These results demonstrate that our combination surgery has no great influence on corneal endothelial cells after surgery. Further studies remain to be performed.

Unfortunately, the patient was transferred to another hospital before we were able to perform an assessment at 12 months post-surgery. Nevertheless, her endothelial cell density was sufficient to maintain transparency of the corneal graft for up to 6 months. Simultaneous PKP and PPV without a keratoprosthesis or endoscopy thus appears to support maintenance of an adequate corneal endothelial cell density for preservation of corneal transparency after surgery. Corneal transparency might be improved further by the use of a larger donor graft, given that larger grafts have been found to be associated with higher endothelial cell density in the first decade after surgery \[[@B38], [@B39]\]. Such larger grafts may also be associated with a higher risk of graft rejection and secondary glaucoma, however.

In conclusion, combined PKP and PPV with the implantation of a donor cornea appears to be a safe and effective option for the management of complicated retinal detachment in the presence of severe corneal opacity. It could lead to a clear cornea graft at least in the short term. This procedure may be considered as an alternative option when surgical time has to be shortened and when the donor graft has a good endothelial cell count. Longer studies would be valuable and welcome.
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![Surgery for the left eye of the study patient. **a** Corneal clouding as a result of bullous keratopathy. **b** After PKP, four 25G ports were made for PPV. **c** Laser irradiation for repositioning of the detached retina. The view through the transplanted donor cornea was good.](cop-0011-0127-g01){#F1}

![Anterior ocular segment images of the patient\'s left eye before (**a**) and 6 months after surgery (**b**). **a** Corneal clouding was apparent due to bullous keratopathy, and the cornea appeared thickened. Left and right images were obtained with a slitlamp microscope and by optical coherence tomography, respectively. **b** The transplanted cornea was clear and of normal thickness.](cop-0011-0127-g02){#F2}

![Posterior ocular segment images of the patient\'s left eye before (**a**) and 6 months after surgery (**b**). **a** Retinal detachment was apparent by optical coherence tomography (right), but it was difficult to perform funduscopy (left). **b** The transplanted cornea remained clear, so it was possible to perform funduscopy, and retinal redetachment had not occurred.](cop-0011-0127-g03){#F3}

###### 

Study patient\'s outcome at 6 months after surgery

  Visual acuity   Intraocular pressure, mm Hg   Endothelial cell density of donor cornea, cells/mm^2^               
  --------------- ----------------------------- ------------------------------------------------------- --- ------- -------
  3/20            1.8/20                        2                                                       2   3,205   1,969
